Abstract OBJECTIVES: Although a number of studies have examined minimally invasive approaches for oesophagectomy, these procedures have typically been offered only to selected patients with the limited long-term follow-up data. The purpose of this prospective study was to assess the feasibility of performing laparoscopically assisted oesophagectomy (LAO) for all-comers and to compare the short-and longterm clinical outcomes of this surgical strategy with a matched cohort of patients who had undergone open surgery.
INTRODUCTION
Despite advances in the management of oesophageal cancer, surgical resection of oesophageal tumours is associated with considerable morbidity and mortality [1, 2] . Part of the reason for this high morbidity may lie in the fact that the traditional Ivor-Lewis oesophagectomy requires both a laparotomy to mobilize the stomach and followed by a thoracotomy to mobilize the oesophagus. In an attempt to reduce the surgical trauma and hence the morbidity associated with oesophagectomy, a number of minimally invasive approaches to oesophageal resection have been described, including the laparoscopic mobilization of the stomach, thoracoscopic mobilization of the oesophagus and combined laparoscopic and thoracoscopic approaches. Although a number of institutions have published the outcomes following minimally invasive approaches, the majority of these studies have applied these techniques to selected cases as opposed to all-comers [3] [4] [5] . As such, there is limited high-quality comparative data on the clinical outcomes following open and minimally invasive surgery [6] . In addition, there is very limited data on the long-term outcomes associated with minimally invasive approaches. Although in our unit we have traditionally undertaken open Ivor-Lewis oesophagectomy for suitable oesophageal tumours, we prospectively instituted a policy of performing laparoscopically assisted oesophagectomy (LAO) for all-comers. The purpose of this study was to evaluate the feasibility of this surgical strategy and to compare the shortand long-term clinical outcomes achieved through this minimally invasive approach with a preceding cohort of patients who underwent open resections. standardized preoperative oncological staging and an assessment of fitness for surgery. Physical examination, haematological and biochemical investigations, oesophagogastroscopy, CT scanning, endoscopic ultrasound and positron emission topography were all routinely used to stage the tumours. Fitness for surgery was assessed using a variety of techniques including clinical examination, pulmonary function tests, electrocardiography, and where indicated, echocardiography and exercise tolerance testing.
Patients with potentially resectable disease who were deemed physiologically fit for surgery then underwent a diagnostic laparoscopy to exclude occult peritoneal disease. Following this procedure, a total of 73 patients with potentially curative disease were discussed at a multidisciplinary meeting and proceeded either to surgical resection in the case of early disease or neo-adjuvant therapy followed by surgery. Neo-adjuvant therapy was offered to all patients who had a radiological suspicion of lymph node involvement or T3 and T4 disease.
Patients with junctional tumours where the maximal proximal extent of the tumour and any associated Barretts oesophagus was <4 cm proximal to the Z line and who showed no radiological evidence of mediastinal lymphadenopathy were listed for a transabdominal extended radical proximal gastrectomy as described in a previous publication [7] . During the period of the study, 3 patients fulfilled these criteria, while the remaining 70 patients underwent either an open or a laparoscopically assisted Ivor-Lewis oesophagectomy, and these latter cases are the focus of this report. It should be noted that during the period of the study, none of the patients required a cervical anastomosis.
Surgical technique
Open oesophagectomy. An upper midline abdominal incision was used and a multibladed self-retaining system (Omnitract retractor, UA 200, CLS Medical, Newcastle-upon-Tyne, UK) was deployed for cranial and lateral retraction of the thoracic cage. Following exploratory laparotomy to exclude metastatic disease, the stomach was mobilized on the right gastro-epiploic vascular pedicle. The lesser sac was opened and the left gastric pedicle identified and ligated at its origin. Dissection was continued cephalad to include the crura and a cuff of diaphragm. The flexible narrow blade of the Omnitract retractor was then used to gently retract the heart anteriorly, allowing good access to the mediastinum under a direct vision, as described by Alderson et al. [8] . The perioesophageal fat pad was dissected from the pericardium and the medial mediastinal pleurae excised en bloc. A forward retraction of the stomach also allowed the dissection of the posterior perioesophageal tissue from the aorta. A feeding jejenostomy was then inserted, and the abdominal incision was closed.
A postero-lateral thoracotomy through the 5th intercostal space was then undertaken and the azygous vein divided with a stapler. Mobilization of the oesophagus and excision of all perioesophageal tissue together with the subcarinal and parahiatal lymph nodes, both parietal pleura overlying the oesophagus and the aortic adventitia were then undertaken. The stomach was delivered into the thorax and a 5 cm circumference gastric tube fashioned using a stapler. The oesophagus was then transected ensuring a macroscopically clear proximal margin of at least 5 cm. It should be noted that a frozen-section histological analysis of the proximal margin was not routinely performed. The anvil of a circular stapler (Premium Plus CEEA stapler, AutoSuture, Ascot, UK) was then introduced into the proximal oesophageal lumen, a stapler gun used to restore intestinal continuity and the thoracotomy was closed to complete the operation.
Laparoscopically assisted oesophagectomy. With the patient in the supine position, a pneumoperitoneum was established, and two 10 mm ports (one at the level of the umbilicus and one at the midpoint between the umbilicus and xiphisternum) and two 5 mm ports (positioned lateral to the upper 10 mm port) were inserted together with a Nathanson liver retractor. The stomach was mobilized on the right gastro-epiploic vascular pedicle; the lesser sac was opened and the left gastric pedicle identified and ligated at its origin using a Hem-o-lok clip. Dissection of the proximal stomach and gastro-oesophageal junction was continued cephalad to include the crura and a cuff of diaphragm, which were eventually excised in continuity with the specimen. The perioesophageal fat pad was dissected from the pericardium and the mediastinal pleura and posterior perioesophageal tissue excised en bloc. A feeding jejenostomy was then inserted using a standardized technique [9] and two transabdominal pleural drains were placed through the 5 mm port sites. The remaining ports sites were then closed and a thoracotomy performed as described above.
Immediately following surgery, patients were transferred to the intensive care unit (ICU) and typically ventilated overnight. Assuming satisfactory clinical progress, patients were then extubated and transferred to a purpose-built Surgical High Care ward followed by specialized upper gastrointestinal ward. Postoperative analgesia consisted of a continuous epidural infusion of bupivacaine and fentanyl. Oral feeding was commenced on Day 5 unless there was any clinical suspicion of leak, in which case a CT with oral contrast was performed to assess the integrity of the anastomosis.
Following discharge from the hospital, all patients were regularly followed up in the outpatient clinic. The mean follow-up period was 2.3 ± 0.1 years (3.1 ± 0.08 years in the open group; 1.7 ± 0.07 years in the laparoscopic group) with a minimum follow-up period of 1.2 years.
Pathological analysis. The oesophagogastrectomy specimen, together with any separately harvested lymph nodes were classified using the UICC TNM classification for oesophageal cancer [10] . Circumferential resection margin (CRM) involvement was ascertained by examining the sections with a maximal lateral spread of tumour. Cases where the distance between the tumour and the serosal margin was <1 mm were deemed to have an involved CRM. A positive proximal or distal resection margin was defined as a microscopic tumour present within 1 mm of the longitudinal resection margin of the specimen. An R0 resection was defined as complete tumour excision with all margins histologically free of tumour, an R1 resection as a macroscopically complete excision with microscopically positive proximal, distal or circumferential margins, and an R2 resection as a macroscopically incomplete excision. 
Case selection

Statistical analysis
In line with our hospital's ethical guidelines, this study was registered and approved by the hospital audit committee. Statistical analysis was performed using SPSS PC version 14.0 (SPSS Inc., Chicago, IL, USA). Data from the open and LAO groups were expressed as mean (± standard error) or median (with ranges and inter-quartile ranges in parentheses) as appropriate. Intergroup comparisons were made on an intention-to-treat basis with proportions compared using either χ 2 tests or, in cases where the expected incidence of an outcome measure was <5, Fisher's exact tests; and continuous variables compared using Student's t-tests or Mann-Whitney U-tests as appropriate. The following data were prospectively collected for the two groups:
Preoperative factors: Gender, age, preoperative chemotherapy and preoperative radiotherapy. Operative factors: Operative time, intraoperative complications, significant (defined as over 500 ml) intraoperative blood loss. Pathological factors: Histological cell type, TNM stage, CRM involvement, type of resection (R0 or R1, R2). Postoperative complications: Anastomotic leak (defined as the presence of both clinical and radiological evidence of leak); respiratory complications (defined as isolated respiratory compromise secondary to pneumonia, persistent pneumothorax or pulmonary embolism); cardiovascular complications (defined as the presence of a persistent arrhythmia or myocardial infarction); chylothorax; wound infections and other infectious complications (including urinary tract infections, line infections and intra-abdominal and mediastinal collections requiring drainage). Postoperative outcomes: Length of ICU stay; need for ICU readmissions; length of hospital stay; operative mortality (defined as either in-hospital or out-of-hospital death within 30 days of surgery).
The long-term outcome and survival data were collated from medical case notes, General Practitioner records and Public Health records. Long-term survival was calculated using the Kaplan-Meier method and the median survival of the two groups compared using the log-rank test.
RESULTS
Demographics and intraoperative factors
A total of 70 patients underwent oesophagectomy, of whom 39 underwent LAO while 31 underwent open surgery. As shown in Table 1 , there were no significant age or gender differences between patients undergoing open and laparoscopically assisted surgery, and the proportion of patients undergoing neoadjuvant therapy in the two groups was comparable.
Of the 39 cases attempted laparoscopically, 2 (5%) were converted to open procedures due to intraoperative bleeding requiring a splenectomy. About 26% of patients in the open oesophagectomy group had significant intraoperative blood loss when compared with only 13% in the LAO group; however, this difference was not statistically significant (P = 0.22). The mean operative time of the LAO group was longer than that of the open group; however, this was not significant (P = 0.30).
Postoperative outcomes
The postoperative outcomes of the two groups are summarized in Table 2 . Of the cohort of 70 patients, 45 (64%) patients had at least one postoperative complication, of whom 13 (19%) patients required readmission to the ICU.
As shown in Table 2 , patients in the open group have a higher incidence of at least one postoperative complication when compared with the LAO group (77 vs 54%, P = 0.04). In particular, the incidence of cardiac complications was significantly lower in the laparoscopic group (specifically in the open group, seven patients developed postoperative atrial fibrillation and one had a postoperative ventricular fibrillation when compared with three patients who developed atrial fibrillation in the LAO group), as was the incidence of postoperative infectious complications. The overall length of hospital stay was also lower in the LAO group (14 vs 18 days; P = 0.02).
Pathological data
The pathological parameters of the two groups are summarized in Table 3 . As shown, the histopathological characterisitics were similar in both groups. The mean lymph node harvest was 17 in the open group when compared with 16 in the LAO group and 
Long-term outcomes
At the end of the follow-up period, a total of 36 patients had died (18 in the LAO group and 18 in the open group). The cause of death was cancer-related in 26 cases (18 with local recurrence alone and the remainder with distant disease). The survival outcomes of the two groups are summarized in Fig. 1 . As shown, the survival rates of the two groups were comparable.
DISCUSSION
This study is one of the first to prospectively analyse both the short-and long-term outcomes of LAO for an unselected cohort of all-comers. Encouragingly, the vast majority of cases were indeed completed laparoscopically with only two conversions to open surgery. Previous studies in this area have tended to reserve the laparoscopic approach for selective cases only, excluding, for example, patients with bulky tumours or previous abdominal surgery [3, 5] . This study demonstrates that LAO is feasible in all-comers regardless of age, tumour size and physiological fitness. Although we did note that the operative time for Other infectious complications were Clostridium difficile infection (two), central line infection (two), mediastinal collection (one), sub-phrenic collection (one) and urinary tract infection (one). b In the open oesophagectomy group, these other complications consisted of one diaphragmatic hernia, one wound dehiscence and one venous line thrombosis. In the LAO group, these other complications consisted of two diaphragmatic hernias, one jejenostomy leak, one venous line thrombosis and one patient with gastric outflow obstruction. LAO was longer than that of open surgery, this was not statistically significant. Moreover, we suspect that the increased operative time may be in part related to our learning curve and we expect that over time this will reduce. In terms of the perioperative outcomes of the whole cohort, the overall incidence of patients having at least one postoperative complication was 64%. Although this proportion does at first glance seem quite high, it should be noted that this figure includes a number of patients who had relatively minor complications such as venous line thromboses. Moreover, the fact that our overall operative mortality rate was comparable with those reported in previously published large-scale studies of open surgery [2, 11] does suggest that our high complication rate was due to scrupulous reporting as opposed to deficiencies in our perioperative management. However, the most significant novel finding from this study was that, in addition to a reduced ICU and overall length of hospital stay, LAO was associated with a lower overall complication rate when compared with open surgery. Although previous studies have shown that LAO is associated with a decrease in the duration of ventilatory support [12] , ICU [3, 13] and hospital stay [5] , this is the first study to show any statistically significant reduction in complications as a consequence of adopting a laparoscopic approach. In particular, we noted a reduction in the incidence of infectious complications and atrial fibrillation in the LAO group. Interestingly, the latter finding correlates with a recent retrospective study by Turaga et al. [14] , who noted a reduction in the incidence of cardiac arrhythmias in patients undergoing a variety of foregut procedures when a laparoscopic, as opposed to an open, approach was utilized. With reference to our study, it is tempting to postulate that this reduction in postoperative arrhythmias may be due to the absence of the pericardial retractors that we used in open surgery to aid hiatal dissection-previous studies have demonstrated that this pericardial retraction may be associated with the development of atrial fibrillation [15] . However, the exact mechanisms underlying this reduction remain unclear and require further investigation.
With reference to our oncological results, the mean lymph node harvest in the LAO group was 16. Interestingly, our lymph node yield was higher than that reported by Hamouda et al. [12] in their series of LAOs and was comparable to our yield in the open group. This figure, although in excess of the suggested threshold of 12 nodes required for accurate staging [16] , is lower than that reported by some previous studies [17] [18] [19] . Although it is well established that comprehensive lymph node staging provides useful prognostic information following an oesophageal resection, it is not certain whether an attempt to excise all involved lymph nodes actually improves long-term prognosis [18] . Indeed, our 1-year survival rate of over 60% compares well with previous studies on patients undergoing both open and minimally invasive oesophagectomy [2, 20, 21] . As such, we would argue that our LAO technique provides an adequate abdominal lymphadenectomy to allow accurate staging and moreover, it is possible that as we complete our learning curve our lymph node yield may increase-a phenomenon noted by Hamouda et al. [12] in their published series.
With respect to the resection margin status, our R0 resection rate in the LAO group was 69%-a figure of which is similar to results obtained in our open cohort (71%) and comparable to previous studies of open surgery where rates of between 53 and 80% have been reported [19] . Although only 26% of our LAO patients had CRM involvement-a figure that compares well with previous series [19] , less encouragingly however, 6% of our patients had a positive proximal or distal resection margin. This figure, while disappointing, is comparable to those reported by some previous large-scale studies [2, 22] . Moreover, although during the period of this study we did not perform intraoperative frozen section analysis of the proximal margin, we are now performing this on a more routine basis with the aim of reducing our future incidence of R1 resections.
We acknowledge that there are some weaknesses in this study. For a start, we accept that our cohort size, while larger than that of most of the previous studies on this topic, is relatively small, and as a consequence of this some of our results were of borderline significance. Moreover, we did not conduct evaluations of the patients' functional status and therefore cannot comment in detail on the patients' quality of life after surgery. In addition, we accept that our follow-up period was relatively limited and due to the very nature of our study, the follow-up period for the laparoscopic group was significantly shorter than that of the open group. Finally, this was neither a formal randomizedcontrolled trial nor a matched cohort study, although the prospective nature of the study and the lack of any selection bias add considerable weight to our findings. In summary, this study demonstrates that performing LAO on all-comers is technically feasible and has a lower postoperative complication rate when compared with open surgery with the comparable oncological and long-term survival outcomes. These findings require confirmation in a randomized-controlled trial.
